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Abstract
Design of a Thermal Control System (TCS) for Lunar
IceCube
faced
several
challenges.
Firstly,
components have vastly different requirements for
operational temperature range and for heat
dissipation. Secondly, the spacecraft does not have
enough external surface to reject waste heat by a
traditionally designed the TSC. Thirdly, high packing
density of components inside of Lunar IceCube leads
to a significant thermal interaction between
components that complicates the TCS efficiency.
The paper shows that a novel approach to the TCS
design, namely, grouping components with similar
thermal requirements enables successful resolution
of thermal challenges.

2.

Lunar IceCube Thermal Challenges

• Components have vastly different temperature
requirements (see Table below)
• Not enough radiator area to reject more than 100 w
waste heat into space at uniform and reasonable
temperature

4.

Discussion

The simulation results have showed
that Lunar IceCube has significant
temperature gradient across the
spacecraft. For example, in the worstcase, temperature varies from -160C
(BIRCHES) up to +130 C (BIT3).
Significant temperature gradients lead
to a pronounced thermal interaction
between components. However,
designed TCS enables meeting all
thermal requirements.

1. Lunar IceCube Design

The problem was solved by following actions:
•
Splitting radiator area into several sections
•
Connecting components with similar operating
temperature and temperature range to the same
radiator
•
Raising a radiator temperature to maximally
allowable level.

5.
3.

Radiators

Conclusion

• Designing a temperature control system
for a s/c with inadequate external
surface for waste heat rejection is
challenging.
• Combining components in groups which
are attached to different radiators
increases radiator performance, reduces
radiator size and facilitates meeting of
temperature requirements
• If s/c has components made by different
vendors, a thermal model should be
used simultaneously with mechanical
design. It will help an optimization of
component placement and reduction
radiator size
• Spacecraft thermal model determines
boundary conditions at the interface
between a component and the
spacecraft for given thermal
requirements. Thermal situation inside of
the component is not important
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Lunar IceCube will prospect for lunar volatiles and
water during its six months in lunar orbit. NASA
Goddard provides miniaturized instrument, the
Broadband InfraRed Compact High Resolution
Explorer Spectrometer (BIRCHES). BIRCHES
carries a 1,000,000-pixel detector that will sense
infrared signals emanating from the lunar surface.
Busek provides BIT3 thruster, the state-of-the-art
electric propulsion system. Goddard also designs
a low-thrust trajectory which takes the satellite to
lunar orbit with very little propellant.

Lunar IceCube TCS uses six body mounted and
one deployable radiator. Busek radiator (– Z side)
is part of BIT3 assembly and not accessible to TCS

